Abstract
Introduction
The three main approaches for acoustic neuroma surgeries are the middle fossa, translabyrinthine, and retrosigmoid. Although the highest hearing preservation rate has been attributed to the middle fossa approach,'> the retrosigmoid approach is the most common microsurgical resection method used." Adequate exposure of the brainstem, access to tumors regardless of size, and hearing preservation are the basic advantages of this technique."
In the retrosigmoid approach, the most common complication after acoustic neuroma surgery is cerebrospinal fluid (CSF) leakage, with a reported rate of3 to 12%. 1.5.6 Opened mastoid air cells, incomplete closure ofthe dura, and hydrocephaly are probable reasons for the leakage.'
The most common cause of CSF leakage regardless of approach isunrecognized open air cells during drilling.v '" Other morbidities that may arise from the retrosigmoid approach include injury to the cerebellum, cranial nerves, and vessels; headache; and hearing loss despite saving the cochlear nerve anatomy.' The hearing loss may be the result of an injury to the posterior semicircular canal during the surgeon's attempt to expose the internal acoustic canal (lAC) posteriorly.P'!? When exposure ofthe lAC is required during the retrosigmoid approach, drilling between the posterior semicircular canal, the endolymphatic sac posteriorly, and the canal anteriorly is usually performed-":'? but may result in labyrinthine injury.
As noted earlier, opened mastoid air cells and labyrinthine injuries are morbidities associated with the retrosigmoid approach during internal acoustic canal exposure. Because the mastoid air cells and the posterior semicircular canal are bony structures, their anatomic locations in relation to the internal acoustic canal are visible in a computed tomography (CT) scan. We estimated the risk of these injuries using temporal bone CT scan findings.
Patients and methods
The temporal bone CT scans of30 patients selected from 2013 to 2015 were studied. We reviewed the medical records of groups of patients with normal temporal bone, otitis media, or a diagnosis of vestibular schwannoma, with the purpose of comparing pathologies between groups. Images that did not meet the inclusion criteria (i.e.,lacking fine sections or not including all structures) were excluded. Measurements were unanimous.
Ali CT scans were obtained from a 16-slice scanner CT machine (Siemens; Munich, Germany), with 0.6 mm between two slices, in the Amir-Alam University Hospital affiliated with Tehran University of Medical Sciences. The CT scans were not obtained for this study but rather for other indications. In the CT scan, the axial plane that showed the common crus of the posterior semicircular canal (figure) with better lAC visualization was selected.
Five lines were drawn and four angles and three distances were measured. Definitions of angles and distances are provided in table 1 . The incision size used in the retrosigmoid approach was assumed to be 4 em.' Pneumatization of bone between the lAC and posterior semicircular canal was presumed positive if air cells were visualized in this area . Pneumatization of different parts ofthe mastoid was evaluated to indicate extent of air cells and expressed as the percentage of presence of air cells in this compartment of temporal bone.
Statistical Package for the Social Sciences version 18 was used to analyze the data.
Results
Patients. Patients enrolled were divided into three groups of 10 patients each: (1) patients with no evidence of inflammatory or neoplastic disease, (2) patients with chronic ear disease, and (3) patients with vestibular schwannomas. The ratio of men to women was 1.56:1. The median age of the patients was 40 years (mean: 42.17 ± 14.86 years).
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Descriptive data regarding the anatomy and the mastoid pneumatization of the groups appear in table 2.
lAC exposure by drilling. PI indicates the maximum proportion ofIAC that can be exposed by drilling while preserving the posterior semicircularcanal. Range ofthe mean PI was 0.53to 0.64 in the three groups, and the averagewas 0.61 ± 0.09 (table3).This proportion ofIACwas not significantly different between the three groups (p > 0.05).Maximum exposure (0.82)wasobserved in normal temporal bones (withno otitisor vestibular schwannoma). Pneumatization ofthe posterior or anterior petrous apex or the extent of mastoid pneumatization was not related to this exposure (p > 0.05). In patients with vestibular schwannoma or otitis, no Significant difference was observed between the affected and normal side (p > 0.05).
Posterior semicircular canal drilling probability. In all groups of patients, the Al angle was wider than the A2 angle, indicating that drilling from the porus to the fundus of the lAC is not achievable without removing the posterior semicircular canal (table 3) . We also discovered that Al was always wider than A2, except in one temporal bone . These angles were similar in temporal bones with different pathologies (p > 0.05).
Proper incision site. L4 is drawn from the fundus to the most posterior point of the posterior semicircular canal to achieve proper incision and full exposure of the lAC while preventing canal trauma. The median distance of the posterior incision border was 65.2 ± ILl mm (range: 45 to 88.5 mm). 
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Gamma camera images after using a traditional nasal spray device or an Optinose Exhalation Delivery System. Both imagesare from the samesubjectand are representative of the overall findings from 211 imagesand 56 subjects. 1 The cl inic al relevanc e of different depo sit ion patt ern s has not been esta blished . Two-sides correlation. Table 3 shows a good correlation between the two sides of the same patient and between the area of pneumatization and pathology.
Discussion
In the 1960s, the development of microscopes revolutionized the treatment of acoustic neuroma. However, recent studies have shown that microsurgical tumor removal is associated with morbidity and a mortality rate reported to be 1%or less.
I I • 12 Although facial nerve injury is always a concern in this surgery, the routine use of neuromonitoring has reduced facial nerve injury to <10% in most cases.13.14 Hearing preservation iscurrently possible for patients depending on the type of surgical approach, tumor size, patient age, and the use ofintraoperative monitoring." Hearing loss as a result of a retrosigmoid approach depends on the cochlear nerve position, which is usually anterior to the tumor and cannot be identified early in the surgery before injuring the nerve. Another important etiology of surgery-related hearing loss is posterior semicircular canal injury during the attempt to expose the most lateral aspects of the tumor and lAC.
If the tumor is extended to the lateral parts of the lAC, remo ving the bone and air cells lateral to the lAC is necessary, and this removal is usually how the labyrinth is injured and hearing is lost. 8 . 1 6 The posterior semicircular canal is 0.7 em from the entrance of the po sterior wall of the intern al auditory can al.'?Our data show that, in most cases, simultaneous removal of the posterior meatal wall to gain full access to the lAC and to preserve the posterior semicircular canal is not feasible. Importantly, this finding is independent ofthe extent of mastoid pneumatization or other concomitant 
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Endoscope vision vector. The mean A4 angle was 103°( standard deviation: 11.96°; rang e:76.5to 128.7°).In 56% of temporal bones, this angle was <105°, which means that even with a 30°endoscope, the fundus cannot be visualized (assuming a 45°visual width and a 30°mid-line vision vector) . However, in >91% of the cases, the fundus was observed using a 45°endoscope.
The possibility of CSF leaks. In 15% of temporal bones, pneumatization of the bone between the lAC and the posterior sem icircular can al wa s ev ident. This finding meant that by drilling th is a rea, it was possible to create a tract for CSF leakage. This area of pneumatization was not correlated with the extension of mastoid pneumatization tp » 0.05). pathologies. We revealed that if the posterior semicircular canal is to be preserved. approximately 60% of lAC can be visualized. Lui et al studied the safe zone of drilling with respect to the posterior semicircular canal." Their results show that the range of the safe drilling zone is significantly wide. which presents some difficulty in setting a safe zone. Important in the interpretation of their data is that lAC anatomy is not the only parameter that matters; the angle ofvision and size of craniotomy can also have great effects on exposure limits. We showed that considering the craniotomy site and angle of vision , finding a safe zone through which the whole length of the lAC may be exposed is difficult. , One complication of the retrosigmoid approach is CSF leakage. This leakage is mainly due to the extensive removal of the posterior meatal wall to more fully expose the lAC and canalicular part of the tumor, " Our data showed that the chance of finding air cells in this area was considerable. CT scans, however. underestimate the presence of air cells, so their presence may be much m~re common than CT demonstrates.
In recent years, endoscopes have proven useful in cerebellopontine angle approaches, mainly because they provide increased depth of field.magnification, better illumination and, most important,awider angle ofview.20. 21 Our results show that with the use of endoscopes, the far lateral part of the lAC can be visualized easily and the presence of air cell openings can be confirmed. Therefore, the use of endoscopes may potentially reduce both posterior semicircular canal injury and CSF leakage.
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Con clusion
In vestibular schwannoma surgery, drilling of the posterior meatal wall of lAC should be conducted with care, as the risk of posterior semicircular canal injury is significant. In addition. exposing the whole length of the lAC from the porus to the fundus without injuring the posterior semicircular canal is not possible. By prov iding an improved angle of view. endoscopes may help in lAC exposure of the surgery and may eliminate the need for massive drilling. Synergy ENT Specialists and the S1. Louis Sinus Center are seeking a BC/BE Otolaryngologist to join our busy and thriving private practice in the S1. Louis Metropolitan area. We are one of St. Louis, Missouri's premiere Otolaryngology practices, with offices in both S1. Louis and its southern suburb. Our newly opened St. Louis location, located in the heart of Ladue, in one of the most technologically advanced ENT offices in the country.
Our practice provides comprehensive, state-of-the art, on -site diagnostic and treatment services including ICACTL accredited MiniCAT CT scanning, Allergy Skin Testing, Allergy Immunotherapy, Image Guidance, Audiologic Testing, Hearing Aids and In-Office Surgery. We are certified as a National Center of Excellence and a premiere training site for In-Office Balloon Sinus Dilation, training physicians from all over the country each week.
We are also partnered with two, physician-owned, outpatient surgical centers and there is opportunity for immediate ownership in these thriving, busy centers.
We are seeking a highly motivated BC/BE Otolaryngologist with excellent interpersonal skills and great training to join our team . We have opportunity for either a straightforward partnership track or a simple employment. We are offering an excellent salary with bonus structure, paid vacation, 401-K, CME and license reimbursement and paid malpractice insurance. 
